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Abstract
We propose a learning model for the task of visual story-
telling. The main idea is to predict anchor word embeddings
from the images and use the embeddings and the image fea-
tures jointly to generate narrative sentences. We use the
embeddings of randomly sampled nouns from the ground-
truth stories as the target anchor word embeddings to learn
the predictor. To narrate a sequence of images, we use the
predicted anchor word embeddings and the image features
as the joint input to a seq2seq model. As opposed to state-
of-the-art methods, the proposed model is simple in design,
easy to optimize, and attains the best results in most auto-
matic evaluation metrics. In human evaluation, the method
also outperforms competing methods.
1. Introduction
Visual storytelling, ie, narrating a sequence of images,
is a challenging task [8, 6]. It demands an understanding
of the underlying storyline of the images. The process is
naturally subjective. It often focuses more on conveying the
narrator’s own interpretation than describing the images in
factual terms.
For example, as pointed out by the creators of the pop-
ular dataset VIST [6], concatenating the descriptions of the
images does not give rise to a desirable narrative story. Ta-
ble 1 illustrates the difference in the corpus statistics on the
aforementioned dataset. Despite similar in length, story and
caption use very different sets of words. At least 40% of
words that appear in stories do not appear in captions.
While this discrepancy has been well-documented, it is
unclear how this insight could be used to devising effec-
tive models for visual storytelling. The task seems natu-
rally gravitating to the method of SEQ2SEQ where we learn
a mapping to encode a sequence of image features then to
decode by outputting a sequence of words [3]. This method
met some successes and is followed by others [5, 11, 12].
In this paper, we take a step toward identifying what
might be needed for generating a narrative story. We hy-
∗On leave from U. of Southern California (feisha@usc.edu)
Storys Captions
Vocabulary Size 29,614 24,534
Avg. Sent. Length 11.4 11.9
# of Nouns 6,831 7,772
# of Verbs 5,217 3,202
# of Adjectives 2,089 2,018
# of Adverbs 1,505 286
Table 1. Statistics of stories and captions on the VIST dataset [6]
pothesize that each narrative story needs to have a sequence
of anchor words. For simplicity, we assume one anchor
word per image. The anchor words form a prior on what
can be “said” about the images. To narrate a sequence of
images, our learning model just needs to predict the anchor
word embedding for each image in turn and then supply the
embeddings to a SEQ2SEQ model to generate the story.
But then, what are the anchor words? They are not ex-
plicitly given in the annotated dataset. As a first step, we
have shown that we can use the words in the ground-truth
stories as anchor words and learn a predictive model (from
the image features) to predict the anchor word embeddings
when the ground-truth stories are not available.
As opposed to several best-performing models for the
same task, our model is simple in design and does not need
to use reinforcement learning to optimize [5, 11, 12]. Yet it
attains the best performance in several evaluation metrics.
We describe the idea of using anchor words in section 3,
supported by the evidence that such words, when added to
a vanilla SEQ2SEQ model for story generation, significantly
improve its performance. We then describe how to train a
predictive model to predict its embedding. In section 4, we
report our evaluation results and conclude in section 5.
2. Related Work
There is a large body of work in the intersection of vision
and language, cf. [7, 10].
Image captioning is closely related to visual storytelling.
SEQ2SEQ and its variants are among the most popular learn-
ing approaches for the task [13, 10].
From the very beginning, the creators of the dataset for
visual storytelling highlighted the difference of captioning
from narratives [6]. In essence, narrative stories go beyond
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hˆ4<latexit sha1_base64="na7C4enMR0C6wbXkJ8Qlg2nlvQc=">A AAB8HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPRi8cK9kPaUDbbTbN0swm7E6GE/govHhTx6s/x5r9x2+agrQ8GHu/NMDMvSKUw6LrfT mltfWNzq7xd2dnd2z+oHh61TZJpxlsskYnuBtRwKRRvoUDJu6nmNA4k7wTj25nfeeLaiEQ94CTlfkxHSoSCUbTSYz+imEeDy+mgWnPr7 hxklXgFqUGB5qD61R8mLIu5QiapMT3PTdHPqUbBJJ9W+pnhKWVjOuI9SxWNufHz+cFTcmaVIQkTbUshmau/J3IaGzOJA9sZU4zMsjcT/ /N6GYbXfi5UmiFXbLEozCTBhMy+J0OhOUM5sYQyLeythEVUU4Y2o4oNwVt+eZW0L+qeW/fuL2uNmyKOMpzAKZyDB1fQgDtoQgsYxPAMr /DmaOfFeXc+Fq0lp5g5hj9wPn8AxpOQYA==</latexit><latexit sha1_base64="na7C4enMR0C6wbXkJ8Qlg2nlvQc=">A AAB8HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPRi8cK9kPaUDbbTbN0swm7E6GE/govHhTx6s/x5r9x2+agrQ8GHu/NMDMvSKUw6LrfT mltfWNzq7xd2dnd2z+oHh61TZJpxlsskYnuBtRwKRRvoUDJu6nmNA4k7wTj25nfeeLaiEQ94CTlfkxHSoSCUbTSYz+imEeDy+mgWnPr7 hxklXgFqUGB5qD61R8mLIu5QiapMT3PTdHPqUbBJJ9W+pnhKWVjOuI9SxWNufHz+cFTcmaVIQkTbUshmau/J3IaGzOJA9sZU4zMsjcT/ /N6GYbXfi5UmiFXbLEozCTBhMy+J0OhOUM5sYQyLeythEVUU4Y2o4oNwVt+eZW0L+qeW/fuL2uNmyKOMpzAKZyDB1fQgDtoQgsYxPAMr /DmaOfFeXc+Fq0lp5g5hj9wPn8AxpOQYA==</latexit><latexit sha1_base64="na7C4enMR0C6wbXkJ8Qlg2nlvQc=">A AAB8HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPRi8cK9kPaUDbbTbN0swm7E6GE/govHhTx6s/x5r9x2+agrQ8GHu/NMDMvSKUw6LrfT mltfWNzq7xd2dnd2z+oHh61TZJpxlsskYnuBtRwKRRvoUDJu6nmNA4k7wTj25nfeeLaiEQ94CTlfkxHSoSCUbTSYz+imEeDy+mgWnPr7 hxklXgFqUGB5qD61R8mLIu5QiapMT3PTdHPqUbBJJ9W+pnhKWVjOuI9SxWNufHz+cFTcmaVIQkTbUshmau/J3IaGzOJA9sZU4zMsjcT/ /N6GYbXfi5UmiFXbLEozCTBhMy+J0OhOUM5sYQyLeythEVUU4Y2o4oNwVt+eZW0L+qeW/fuL2uNmyKOMpzAKZyDB1fQgDtoQgsYxPAMr /DmaOfFeXc+Fq0lp5g5hj9wPn8AxpOQYA==</latexit><latexit sha1_base64="hP+6LrUf2d3tZaldqaQQvEKMXyw=">A AAB2XicbZDNSgMxFIXv1L86Vq1rN8EiuCozbnQpuHFZwbZCO5RM5k4bmskMyR2hDH0BF25EfC93vo3pz0JbDwQ+zknIvSculLQUBN9eb Wd3b/+gfugfNfzjk9Nmo2fz0gjsilzl5jnmFpXU2CVJCp8LgzyLFfbj6f0i77+gsTLXTzQrMMr4WMtUCk7O6oyaraAdLMW2IVxDC9YaN b+GSS7KDDUJxa0dhEFBUcUNSaFw7g9LiwUXUz7GgUPNM7RRtRxzzi6dk7A0N+5oYkv394uKZ9bOstjdzDhN7Ga2MP/LBiWlt1EldVESa rH6KC0Vo5wtdmaJNChIzRxwYaSblYkJN1yQa8Z3HYSbG29D77odBu3wMYA6nMMFXEEIN3AHD9CBLghI4BXevYn35n2suqp569LO4I+8z x84xIo4</latexit><latexit sha1_base64="F9OWCat2IFkLcCw/zQvtuiXkmik=">A AAB5XicbZBLSwMxFIXv1FetVatbN8EiuCozItil4MZlBfuQdiiZNNMJTTJDckcoQ3+FGxeK+Jfc+W9MHwttPRD4OCch954ok8Ki7397p a3tnd298n7loHp4dFw7qXZsmhvG2yyVqelF1HIpNG+jQMl7meFURZJ3o8ndPO8+c2NFqh9xmvFQ0bEWsWAUnfU0SCgWyfB6NqzV/Ya/E NmEYAV1WKk1rH0NRinLFdfIJLW2H/gZhgU1KJjks8ogtzyjbELHvO9QU8VtWCwGnpEL54xInBp3NJKF+/tFQZW1UxW5m4piYtezuflf1 s8xboaF0FmOXLPlR3EuCaZkvj0ZCcMZyqkDyoxwsxKWUEMZuo4qroRgfeVN6Fw1Ar8RPPhQhjM4h0sI4AZu4R5a0AYGCl7gDd494716H 8u6St6qt1P4I+/zB44RjwU=</latexit><latexit sha1_base64="F9OWCat2IFkLcCw/zQvtuiXkmik=">A AAB5XicbZBLSwMxFIXv1FetVatbN8EiuCozItil4MZlBfuQdiiZNNMJTTJDckcoQ3+FGxeK+Jfc+W9MHwttPRD4OCch954ok8Ki7397p a3tnd298n7loHp4dFw7qXZsmhvG2yyVqelF1HIpNG+jQMl7meFURZJ3o8ndPO8+c2NFqh9xmvFQ0bEWsWAUnfU0SCgWyfB6NqzV/Ya/E NmEYAV1WKk1rH0NRinLFdfIJLW2H/gZhgU1KJjks8ogtzyjbELHvO9QU8VtWCwGnpEL54xInBp3NJKF+/tFQZW1UxW5m4piYtezuflf1 s8xboaF0FmOXLPlR3EuCaZkvj0ZCcMZyqkDyoxwsxKWUEMZuo4qroRgfeVN6Fw1Ar8RPPhQhjM4h0sI4AZu4R5a0AYGCl7gDd494716H 8u6St6qt1P4I+/zB44RjwU=</latexit><latexit sha1_base64="2nDsOCu0yi+rwGkOBLXxKnjeg20=">A AAB8HicbVBNS8NAEJ3Ur1q/qh69BIvgqSQi6LHoxWMF+yFtKJvtplm6uwm7E6GE/govHhTx6s/x5r9x2+agrQ8GHu/NMDMvTAU36HnfT mltfWNzq7xd2dnd2z+oHh61TZJpylo0EYnuhsQwwRVrIUfBuqlmRIaCdcLx7czvPDFteKIecJKyQJKR4hGnBK302I8J5vHgcjqo1ry6N 4e7SvyC1KBAc1D96g8TmkmmkApiTM/3UgxyopFTwaaVfmZYSuiYjFjPUkUkM0E+P3jqnlll6EaJtqXQnau/J3IijZnI0HZKgrFZ9mbif 14vw+g6yLlKM2SKLhZFmXAxcWffu0OuGUUxsYRQze2tLo2JJhRtRhUbgr/88ippX9R9r+7fe7XGTRFHGU7gFM7BhytowB00oQUUJDzDK 7w52nlx3p2PRWvJKWaO4Q+czx/FU5Bc</latexit><latexit sha1_base64="na7C4enMR0C6wbXkJ8Qlg2nlvQc=">A AAB8HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPRi8cK9kPaUDbbTbN0swm7E6GE/govHhTx6s/x5r9x2+agrQ8GHu/NMDMvSKUw6LrfT mltfWNzq7xd2dnd2z+oHh61TZJpxlsskYnuBtRwKRRvoUDJu6nmNA4k7wTj25nfeeLaiEQ94CTlfkxHSoSCUbTSYz+imEeDy+mgWnPr7 hxklXgFqUGB5qD61R8mLIu5QiapMT3PTdHPqUbBJJ9W+pnhKWVjOuI9SxWNufHz+cFTcmaVIQkTbUshmau/J3IaGzOJA9sZU4zMsjcT/ /N6GYbXfi5UmiFXbLEozCTBhMy+J0OhOUM5sYQyLeythEVUU4Y2o4oNwVt+eZW0L+qeW/fuL2uNmyKOMpzAKZyDB1fQgDtoQgsYxPAMr /DmaOfFeXc+Fq0lp5g5hj9wPn8AxpOQYA==</latexit><latexit sha1_base64="na7C4enMR0C6wbXkJ8Qlg2nlvQc=">A AAB8HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPRi8cK9kPaUDbbTbN0swm7E6GE/govHhTx6s/x5r9x2+agrQ8GHu/NMDMvSKUw6LrfT mltfWNzq7xd2dnd2z+oHh61TZJpxlsskYnuBtRwKRRvoUDJu6nmNA4k7wTj25nfeeLaiEQ94CTlfkxHSoSCUbTSYz+imEeDy+mgWnPr7 hxklXgFqUGB5qD61R8mLIu5QiapMT3PTdHPqUbBJJ9W+pnhKWVjOuI9SxWNufHz+cFTcmaVIQkTbUshmau/J3IaGzOJA9sZU4zMsjcT/ /N6GYbXfi5UmiFXbLEozCTBhMy+J0OhOUM5sYQyLeythEVUU4Y2o4oNwVt+eZW0L+qeW/fuL2uNmyKOMpzAKZyDB1fQgDtoQgsYxPAMr /DmaOfFeXc+Fq0lp5g5hj9wPn8AxpOQYA==</latexit><latexit sha1_base64="na7C4enMR0C6wbXkJ8Qlg2nlvQc=">A AAB8HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPRi8cK9kPaUDbbTbN0swm7E6GE/govHhTx6s/x5r9x2+agrQ8GHu/NMDMvSKUw6LrfT mltfWNzq7xd2dnd2z+oHh61TZJpxlsskYnuBtRwKRRvoUDJu6nmNA4k7wTj25nfeeLaiEQ94CTlfkxHSoSCUbTSYz+imEeDy+mgWnPr7 hxklXgFqUGB5qD61R8mLIu5QiapMT3PTdHPqUbBJJ9W+pnhKWVjOuI9SxWNufHz+cFTcmaVIQkTbUshmau/J3IaGzOJA9sZU4zMsjcT/ /N6GYbXfi5UmiFXbLEozCTBhMy+J0OhOUM5sYQyLeythEVUU4Y2o4oNwVt+eZW0L+qeW/fuL2uNmyKOMpzAKZyDB1fQgDtoQgsYxPAMr /DmaOfFeXc+Fq0lp5g5hj9wPn8AxpOQYA==</latexit><latexit sha1_base64="na7C4enMR0C6wbXkJ8Qlg2nlvQc=">A AAB8HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPRi8cK9kPaUDbbTbN0swm7E6GE/govHhTx6s/x5r9x2+agrQ8GHu/NMDMvSKUw6LrfT mltfWNzq7xd2dnd2z+oHh61TZJpxlsskYnuBtRwKRRvoUDJu6nmNA4k7wTj25nfeeLaiEQ94CTlfkxHSoSCUbTSYz+imEeDy+mgWnPr7 hxklXgFqUGB5qD61R8mLIu5QiapMT3PTdHPqUbBJJ9W+pnhKWVjOuI9SxWNufHz+cFTcmaVIQkTbUshmau/J3IaGzOJA9sZU4zMsjcT/ /N6GYbXfi5UmiFXbLEozCTBhMy+J0OhOUM5sYQyLeythEVUU4Y2o4oNwVt+eZW0L+qeW/fuL2uNmyKOMpzAKZyDB1fQgDtoQgsYxPAMr /DmaOfFeXc+Fq0lp5g5hj9wPn8AxpOQYA==</latexit><latexit sha1_base64="na7C4enMR0C6wbXkJ8Qlg2nlvQc=">A AAB8HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPRi8cK9kPaUDbbTbN0swm7E6GE/govHhTx6s/x5r9x2+agrQ8GHu/NMDMvSKUw6LrfT mltfWNzq7xd2dnd2z+oHh61TZJpxlsskYnuBtRwKRRvoUDJu6nmNA4k7wTj25nfeeLaiEQ94CTlfkxHSoSCUbTSYz+imEeDy+mgWnPr7 hxklXgFqUGB5qD61R8mLIu5QiapMT3PTdHPqUbBJJ9W+pnhKWVjOuI9SxWNufHz+cFTcmaVIQkTbUshmau/J3IaGzOJA9sZU4zMsjcT/ /N6GYbXfi5UmiFXbLEozCTBhMy+J0OhOUM5sYQyLeythEVUU4Y2o4oNwVt+eZW0L+qeW/fuL2uNmyKOMpzAKZyDB1fQgDtoQgsYxPAMr /DmaOfFeXc+Fq0lp5g5hj9wPn8AxpOQYA==</latexit><latexit sha1_base64="na7C4enMR0C6wbXkJ8Qlg2nlvQc=">A AAB8HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPRi8cK9kPaUDbbTbN0swm7E6GE/govHhTx6s/x5r9x2+agrQ8GHu/NMDMvSKUw6LrfT mltfWNzq7xd2dnd2z+oHh61TZJpxlsskYnuBtRwKRRvoUDJu6nmNA4k7wTj25nfeeLaiEQ94CTlfkxHSoSCUbTSYz+imEeDy+mgWnPr7 hxklXgFqUGB5qD61R8mLIu5QiapMT3PTdHPqUbBJJ9W+pnhKWVjOuI9SxWNufHz+cFTcmaVIQkTbUshmau/J3IaGzOJA9sZU4zMsjcT/ /N6GYbXfi5UmiFXbLEozCTBhMy+J0OhOUM5sYQyLeythEVUU4Y2o4oNwVt+eZW0L+qeW/fuL2uNmyKOMpzAKZyDB1fQgDtoQgsYxPAMr /DmaOfFeXc+Fq0lp5g5hj9wPn8AxpOQYA==</latexit>
hˆ1<latexit sha1_base64="dochqQ3t9vPo6NBOxL3kYGN6Txw=">A AAB8HicbVBNS8NAEJ3Ur1q/qh69BIvgqSQi6LHoxWMF+yFtKJvtplm6uwm7E6GE/govHhTx6s/x5r9x2+agrQ8GHu/NMDMvTAU36HnfT mltfWNzq7xd2dnd2z+oHh61TZJpylo0EYnuhsQwwRVrIUfBuqlmRIaCdcLx7czvPDFteKIecJKyQJKR4hGnBK302I8J5vHAnw6qNa/uz eGuEr8gNSjQHFS/+sOEZpIppIIY0/O9FIOcaORUsGmlnxmWEjomI9azVBHJTJDPD566Z1YZulGibSl05+rviZxIYyYytJ2SYGyWvZn4n 9fLMLoOcq7SDJmii0VRJlxM3Nn37pBrRlFMLCFUc3urS2OiCUWbUcWG4C+/vEraF3Xfq/v3l7XGTRFHGU7gFM7BhytowB00oQUUJDzDK 7w52nlx3p2PRWvJKWaO4Q+czx/CBJBd</latexit><latexit sha1_base64="dochqQ3t9vPo6NBOxL3kYGN6Txw=">A AAB8HicbVBNS8NAEJ3Ur1q/qh69BIvgqSQi6LHoxWMF+yFtKJvtplm6uwm7E6GE/govHhTx6s/x5r9x2+agrQ8GHu/NMDMvTAU36HnfT mltfWNzq7xd2dnd2z+oHh61TZJpylo0EYnuhsQwwRVrIUfBuqlmRIaCdcLx7czvPDFteKIecJKyQJKR4hGnBK302I8J5vHAnw6qNa/uz eGuEr8gNSjQHFS/+sOEZpIppIIY0/O9FIOcaORUsGmlnxmWEjomI9azVBHJTJDPD566Z1YZulGibSl05+rviZxIYyYytJ2SYGyWvZn4n 9fLMLoOcq7SDJmii0VRJlxM3Nn37pBrRlFMLCFUc3urS2OiCUWbUcWG4C+/vEraF3Xfq/v3l7XGTRFHGU7gFM7BhytowB00oQUUJDzDK 7w52nlx3p2PRWvJKWaO4Q+czx/CBJBd</latexit><latexit sha1_base64="dochqQ3t9vPo6NBOxL3kYGN6Txw=">A AAB8HicbVBNS8NAEJ3Ur1q/qh69BIvgqSQi6LHoxWMF+yFtKJvtplm6uwm7E6GE/govHhTx6s/x5r9x2+agrQ8GHu/NMDMvTAU36HnfT mltfWNzq7xd2dnd2z+oHh61TZJpylo0EYnuhsQwwRVrIUfBuqlmRIaCdcLx7czvPDFteKIecJKyQJKR4hGnBK302I8J5vHAnw6qNa/uz eGuEr8gNSjQHFS/+sOEZpIppIIY0/O9FIOcaORUsGmlnxmWEjomI9azVBHJTJDPD566Z1YZulGibSl05+rviZxIYyYytJ2SYGyWvZn4n 9fLMLoOcq7SDJmii0VRJlxM3Nn37pBrRlFMLCFUc3urS2OiCUWbUcWG4C+/vEraF3Xfq/v3l7XGTRFHGU7gFM7BhytowB00oQUUJDzDK 7w52nlx3p2PRWvJKWaO4Q+czx/CBJBd</latexit><latexit sha1_base64="dochqQ3t9vPo6NBOxL3kYGN6Txw=">A AAB8HicbVBNS8NAEJ3Ur1q/qh69BIvgqSQi6LHoxWMF+yFtKJvtplm6uwm7E6GE/govHhTx6s/x5r9x2+agrQ8GHu/NMDMvTAU36HnfT mltfWNzq7xd2dnd2z+oHh61TZJpylo0EYnuhsQwwRVrIUfBuqlmRIaCdcLx7czvPDFteKIecJKyQJKR4hGnBK302I8J5vHAnw6qNa/uz eGuEr8gNSjQHFS/+sOEZpIppIIY0/O9FIOcaORUsGmlnxmWEjomI9azVBHJTJDPD566Z1YZulGibSl05+rviZxIYyYytJ2SYGyWvZn4n 9fLMLoOcq7SDJmii0VRJlxM3Nn37pBrRlFMLCFUc3urS2OiCUWbUcWG4C+/vEraF3Xfq/v3l7XGTRFHGU7gFM7BhytowB00oQUUJDzDK 7w52nlx3p2PRWvJKWaO4Q+czx/CBJBd</latexit>
hˆ5
<latexit sha1_base64="nIdznJ6Kjoay6WratTCU5MxFLeM=">A AAB8HicbVBNS8NAEJ3Ur1q/qh69BIvgqSSi6LHoxWMFWyttKJvtplm6uwm7E6GE/govHhTx6s/x5r9x2+agrQ8GHu/NMDMvTAU36HnfT mlldW19o7xZ2dre2d2r7h+0TZJpylo0EYnuhMQwwRVrIUfBOqlmRIaCPYSjm6n/8MS04Ym6x3HKAkmGikecErTSYy8mmMf9i0m/WvPq3 gzuMvELUoMCzX71qzdIaCaZQiqIMV3fSzHIiUZOBZtUeplhKaEjMmRdSxWRzAT57OCJe2KVgRsl2pZCd6b+nsiJNGYsQ9spCcZm0ZuK/ 3ndDKOrIOcqzZApOl8UZcLFxJ1+7w64ZhTF2BJCNbe3ujQmmlC0GVVsCP7iy8ukfVb3vbp/d15rXBdxlOEIjuEUfLiEBtxCE1pAQcIzv MKbo50X5935mLeWnGLmEP7A+fwByBiQYQ==</latexit><latexit sha1_base64="nIdznJ6Kjoay6WratTCU5MxFLeM=">A AAB8HicbVBNS8NAEJ3Ur1q/qh69BIvgqSSi6LHoxWMFWyttKJvtplm6uwm7E6GE/govHhTx6s/x5r9x2+agrQ8GHu/NMDMvTAU36HnfT mlldW19o7xZ2dre2d2r7h+0TZJpylo0EYnuhMQwwRVrIUfBOqlmRIaCPYSjm6n/8MS04Ym6x3HKAkmGikecErTSYy8mmMf9i0m/WvPq3 gzuMvELUoMCzX71qzdIaCaZQiqIMV3fSzHIiUZOBZtUeplhKaEjMmRdSxWRzAT57OCJe2KVgRsl2pZCd6b+nsiJNGYsQ9spCcZm0ZuK/ 3ndDKOrIOcqzZApOl8UZcLFxJ1+7w64ZhTF2BJCNbe3ujQmmlC0GVVsCP7iy8ukfVb3vbp/d15rXBdxlOEIjuEUfLiEBtxCE1pAQcIzv MKbo50X5935mLeWnGLmEP7A+fwByBiQYQ==</latexit><latexit sha1_base64="nIdznJ6Kjoay6WratTCU5MxFLeM=">A AAB8HicbVBNS8NAEJ3Ur1q/qh69BIvgqSSi6LHoxWMFWyttKJvtplm6uwm7E6GE/govHhTx6s/x5r9x2+agrQ8GHu/NMDMvTAU36HnfT mlldW19o7xZ2dre2d2r7h+0TZJpylo0EYnuhMQwwRVrIUfBOqlmRIaCPYSjm6n/8MS04Ym6x3HKAkmGikecErTSYy8mmMf9i0m/WvPq3 gzuMvELUoMCzX71qzdIaCaZQiqIMV3fSzHIiUZOBZtUeplhKaEjMmRdSxWRzAT57OCJe2KVgRsl2pZCd6b+nsiJNGYsQ9spCcZm0ZuK/ 3ndDKOrIOcqzZApOl8UZcLFxJ1+7w64ZhTF2BJCNbe3ujQmmlC0GVVsCP7iy8ukfVb3vbp/d15rXBdxlOEIjuEUfLiEBtxCE1pAQcIzv MKbo50X5935mLeWnGLmEP7A+fwByBiQYQ==</latexit><latexit sha1_base64="nIdznJ6Kjoay6WratTCU5MxFLeM=">A AAB8HicbVBNS8NAEJ3Ur1q/qh69BIvgqSSi6LHoxWMFWyttKJvtplm6uwm7E6GE/govHhTx6s/x5r9x2+agrQ8GHu/NMDMvTAU36HnfT mlldW19o7xZ2dre2d2r7h+0TZJpylo0EYnuhMQwwRVrIUfBOqlmRIaCPYSjm6n/8MS04Ym6x3HKAkmGikecErTSYy8mmMf9i0m/WvPq3 gzuMvELUoMCzX71qzdIaCaZQiqIMV3fSzHIiUZOBZtUeplhKaEjMmRdSxWRzAT57OCJe2KVgRsl2pZCd6b+nsiJNGYsQ9spCcZm0ZuK/ 3ndDKOrIOcqzZApOl8UZcLFxJ1+7w64ZhTF2BJCNbe3ujQmmlC0GVVsCP7iy8ukfVb3vbp/d15rXBdxlOEIjuEUfLiEBtxCE1pAQcIzv MKbo50X5935mLeWnGLmEP7A+fwByBiQYQ==</latexit>
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Sˆ1
<latexit sha1_base64="a7Fo4ps7OQruarNUuL2BknYMm3E=">AAAB8HicbVA9SwNBEJ2LXzF+RS1tFoNgFe5E0DJoYxnRxEgSwt5mL 1myu3fszgnhyK+wsVDE1p9j579xk1yhiQ8GHu/NMDMvTKSw6PvfXmFldW19o7hZ2tre2d0r7x80bZwaxhsslrFphdRyKTRvoEDJW4nhVIWSP4Sj66n/8MSNFbG+x3HCu4oOtIgEo+ikx86QYnbXCya9csWv+jOQZRLkpAI56r3yV6cfs1RxjUxSa9uBn2A3owYFk3xS6qSWJ5SN6 IC3HdVUcdvNZgdPyIlT+iSKjSuNZKb+nsiosnasQtepKA7tojcV//PaKUaX3UzoJEWu2XxRlEqCMZl+T/rCcIZy7AhlRrhbCRtSQxm6jEouhGDx5WXSPKsGfjW4Pa/UrvI4inAEx3AKAVxADW6gDg1goOAZXuHNM96L9+59zFsLXj5zCH/gff4AofGQSA==</latexit><latexit sha1_base64="a7Fo4ps7OQruarNUuL2BknYMm3E=">AAAB8HicbVA9SwNBEJ2LXzF+RS1tFoNgFe5E0DJoYxnRxEgSwt5mL 1myu3fszgnhyK+wsVDE1p9j579xk1yhiQ8GHu/NMDMvTKSw6PvfXmFldW19o7hZ2tre2d0r7x80bZwaxhsslrFphdRyKTRvoEDJW4nhVIWSP4Sj66n/8MSNFbG+x3HCu4oOtIgEo+ikx86QYnbXCya9csWv+jOQZRLkpAI56r3yV6cfs1RxjUxSa9uBn2A3owYFk3xS6qSWJ5SN6 IC3HdVUcdvNZgdPyIlT+iSKjSuNZKb+nsiosnasQtepKA7tojcV//PaKUaX3UzoJEWu2XxRlEqCMZl+T/rCcIZy7AhlRrhbCRtSQxm6jEouhGDx5WXSPKsGfjW4Pa/UrvI4inAEx3AKAVxADW6gDg1goOAZXuHNM96L9+59zFsLXj5zCH/gff4AofGQSA==</latexit><latexit sha1_base64="a7Fo4ps7OQruarNUuL2BknYMm3E=">AAAB8HicbVA9SwNBEJ2LXzF+RS1tFoNgFe5E0DJoYxnRxEgSwt5mL 1myu3fszgnhyK+wsVDE1p9j579xk1yhiQ8GHu/NMDMvTKSw6PvfXmFldW19o7hZ2tre2d0r7x80bZwaxhsslrFphdRyKTRvoEDJW4nhVIWSP4Sj66n/8MSNFbG+x3HCu4oOtIgEo+ikx86QYnbXCya9csWv+jOQZRLkpAI56r3yV6cfs1RxjUxSa9uBn2A3owYFk3xS6qSWJ5SN6 IC3HdVUcdvNZgdPyIlT+iSKjSuNZKb+nsiosnasQtepKA7tojcV//PaKUaX3UzoJEWu2XxRlEqCMZl+T/rCcIZy7AhlRrhbCRtSQxm6jEouhGDx5WXSPKsGfjW4Pa/UrvI4inAEx3AKAVxADW6gDg1goOAZXuHNM96L9+59zFsLXj5zCH/gff4AofGQSA==</latexit><latexit sha1_base64="a7Fo4ps7OQruarNUuL2BknYMm3E=">AAAB8HicbVA9SwNBEJ2LXzF+RS1tFoNgFe5E0DJoYxnRxEgSwt5mL 1myu3fszgnhyK+wsVDE1p9j579xk1yhiQ8GHu/NMDMvTKSw6PvfXmFldW19o7hZ2tre2d0r7x80bZwaxhsslrFphdRyKTRvoEDJW4nhVIWSP4Sj66n/8MSNFbG+x3HCu4oOtIgEo+ikx86QYnbXCya9csWv+jOQZRLkpAI56r3yV6cfs1RxjUxSa9uBn2A3owYFk3xS6qSWJ5SN6 IC3HdVUcdvNZgdPyIlT+iSKjSuNZKb+nsiosnasQtepKA7tojcV//PaKUaX3UzoJEWu2XxRlEqCMZl+T/rCcIZy7AhlRrhbCRtSQxm6jEouhGDx5WXSPKsGfjW4Pa/UrvI4inAEx3AKAVxADW6gDg1goOAZXuHNM96L9+59zFsLXj5zCH/gff4AofGQSA==</latexit>
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Figure 1. Conceptual diagram of our approach for visual story-
telling. The key difference from a typical SEQ2SEQ model is the
component of predicting anchor word embeddings from the im-
ages. The predictions are then fused with the image features as the
inputs for generating desired narrative sentences.
B@4 M R C
Image Only 13.9 ±0.4 35.2 ±0.1 29.5 ±0.3 8.4 ±0.9
Anchoring
with Noun 17.2±0.2 39.0±0.2 33.8±0.1 15.7±0.4
with Verb 16.5±0.1 37.9±0.2 34.7±0.2 13.0±0.2
with Adj. 15.2±0.3 36.6±0.1 31.9±0.2 11.3±0.2
with Adv. 14.9±0.3 35.9±0.1 31.0±0.2 10.4±0.3
Table 2. Adding ground-truth words as anchor words to a
SEQ2SEQ model significantly improves its performance where
only image features are used. The higher numerical value indi-
cates better performance.
the factual enumeration of objects and activities depicted in
the images, which is often adequate for image captioning.
Recent approaches for visual storytelling have been us-
ing reinforcement learning (RL) to optimize complicated
models [5, 12]. The approach proposed in this paper has the
advantage of a simplified design and learning procedure, yet
attains the best performance on several evaluation metrics.
3. Approach
The task of visual storytelling is to generate a sequence
of narrative sentences {Si, i = 1, 2, . . . , N}, one for each
of the N images { Ii, i = 1, 2, . . . , N}. The order of the
images is important and is fixed. Each of the generated sen-
tences Si could contain a variable length of words.
The main idea behind our approach is straightforward.
For each image, we learn and apply a model to predict its
anchor word embedding. The predicted embedding is then
concatenated with the image feature. The combined feature
is fed into a SEQ2SEQ [9] where the narrative sentence is
generated as output. Fig. 1 illustrates the model design.
The key challenge is to learn the anchor word predic-
tion model when the dataset does not provide anchor words
explicitly. We begin by describing how we overcome this
challenge. Then we introduce our model in detail.
3.1. What is an anchor word?
We are inspired by the comparison between narrative sto-
ries and captions on the same sequence of images, shown in
Table 1. In particular, a large number of words used in nar-
ration do not appear in captions. Intuitively speaking, they
are less likely visually grounded.
Thus, we conjecture that possible candidates for anchor
words are the words in the narrative sentences. The analysis
in Table 2 confirms the usefulness of this hypothesis.
Specifically, we train a model as in Fig. 1 with two vari-
ants. In the first variant, we supply only the image features.
The results are reported in the row labeled as “Image Only”.
In the second variant (“Anchoring”), we select all the noun
(alternatively, verb, adjective, or adverb) words as anchor
words – one word per sentence in the story. We then train
the SEQ2SEQ model by combining the image feature and
the word embedding end to end. The results are reported
in rows labeled with the part-of-speech (POS) tags of the
selected words. For simplicity, all anchor words have the
same POS tags. If there are multiple words with the same
POS tags in each sentence, we randomly select one.
There are two points worth making. First, adding anchor
words, irrespective of their types, significantly improves the
performance of the SEQ2SEQ model with image features
only. Note that the results in “Image Only” is on par with
state-of-the-art results [12]. Secondly, among all POS tags,
nouns as anchor words seem to be the most beneficial ones
on all metrics except R(OUGE) where verbs improve more.
In the rest of this paper, we use nouns in the stories as
the anchor words.
3.2. Model and Learning
The data for our learning task is augmented with a list of
anchor words {wi | i = 1, 2, . . . , N} corresponding to the
images. Next, we explain how to learn each component.
Anchor word embedding predictor We learn a model
F (Ii) to predict wi. F (·) is parameterized by a one-
hidden-layer multi-layer perception (MLP) with ReLU non-
linearity. The input could be the features for the ith image
or all the images in the same sequence. In practice, there is
no significant difference.
To be able to generalize to new anchor words, we predict
its embedding and cast learning F (·) as a regression prob-
lem. To obtain the target (ie, the “ground-truth” embedding)
for the word wi, we take the embeddings from the “Anchor-
ing” model in Table 2. F (·) is then optimized to reduce the
mean squared error between the predictions and the target
anchor words embeddings.
Story generation model Similar to state-of-the-art visual
storytelling methods [12, 6], we use a SEQ2SEQ model [9]
as story generator. Concretely, a bidirectional gated recur-
rent neural network [2](GRU) is used to encode the concate-
Method B@1 B@2 B@3 B@4 M R C
AREL [12] 63.8 39.1 23.2 14.1 35.0 29.5 9.4
Show, Reward and Tell [11] 43.4 21.4 10.4 5.2 - - 11.4
HSRL w/ Joint Training [5] - - - 12.3 35.2 30.8 10.7
SEQ2SEQ+Heuristics [6] - - - - 31.4 - -
H-Attn-Rank[14] - - 20.8 - 33.9 29.8 7.4
StoryAnchor: Image Only 62.2 ±2.5 38.3 ±1.7 22.7 ±0.8 13.9 ±0.4 35.2 ±0.1 29.5 ±0.3 8.4 ±0.9
StoryAnchor: w/ Predicted Nouns 65.1 ±0.3 40.0 ±0.2 23.4 ±0 14.0 ±0.1 35.5 ±0.0 30.0 ±0.1 9.9 ±0.1
Table 3. Comparison of state-of-the-art method for the visual storytelling task on the VIST dataset. Our “Image Only” model is a reimple-
mentation of XE+SS [12] with the authors’ public available codes.
nated feature of the image and the predicted anchor word
embedding and to produce a sequence of hidden states
vi = BiGRU(Ii, F (Ii)) (1)
The sequence of the hidden states is then decoded by a one-
layer GRU. Both the encoder and the decoder are trained to
maximize the likelihood of ground-truth stories.
3.3. Other Implementation Details
Visual and textual representation We extracted the
2048 dimension feature from the penultimate layer of
ResNet-152 [4] as visual representations. The 512-
dimensional word embedding is randomly initialized,
which are fine-tuned in the training. Note that the anchor
words are sharing the word embeddings with the words in
the vocabulary.
Model details The concatenated features of the image and
the anchor word embedding are projected into a 2048 di-
mensional feature with a one-hidden-layer MLP. Then, a
one-layer BiGRU with 256-dimensional hidden states gen-
erates contextual embedding vi of 512 dimensions, to serve
as hidden states representation. A standard SEQ2SEQ de-
coder with one-layer GRU with 512 hidden dimensions is
used on top of these hidden states to generate a story.
Optimization As mentioned, the model is trained in two
stages. In the first stage, ground-truth anchor words (nouns
in the stories) are used to train the encoder-decoder as well
as the embeddings end to end. The model is trained with
mini-batches and ADAM for 100 epochs. Each mini-batch
contains 64 sampled stories. The learning rate is initialized
as 4e-4 and schedule sampling [1] has been used. The prob-
ability of schedule sampling is first set to be 0.05, increased
by 0.05 every 5 epochs till 25 epochs. In the second stage,
the predictor F (·) is trained. Specifically, we use the model
that achieves the highest Meteor score on the validation set
in the first stage training as a pre-trained model. We use
the same optimization hyper-parameter to train the predic-
tor with encoder-decoder model in an end-to-end way. The
encoder-decoder and the word embeddings are kept fixed.
Inference At the inference time (ie, narrating a sequence
of images), we perform beam search for sentence decoding
with a beam size of 3.
4. Experiments
4.1. Experimental Setups
Dataset We use the VIST dataset [6] for evaluation. It
contains 10,032 visual albums with 50,136 stories. Each
story contains five narrative sentences, corresponding to five
grounded images respectively.
Evaluation We follow the evaluation setup used in [6,
12, 14, 5]. For each testing album, we sample one image se-
quence and generate a story based on that image sequence.
The story is then scored against all 5 reference stories of that
album. We use the evaluation code provided by the [14]1.
We report results with average BLEU, METEOR, ROUGE,
and CIDER over the test split. We evaluate over 3 random
runs and compute the means and variances of the metrics.
Identifying anchor words We use NLTK POS tagger to
get the tags. Each sentence contains on average 2.63 nouns,
2.0 verbs, 0.8 adjectives, and 0.5 adverbs. We use ’UNK’ as
the anchor word when there is no corresponding POS tag.
4.2. Main Results
We compare our method (StoryAnchor) to several state-
of-the-art methods [6, 14, 12, 11, 5]. Figure 3 shows that our
model performs significantly better than others in almost all
evaluation metrics. In ROUGE and CIDER, approaches of
using reinforcement learning seem to perform well.
We also conduct human evaluations to compare the out-
puts of our model and AREL [12]. We follow [12] and de-
sign three questions to evaluate the relevance, concreteness,
and coherence of generated stories and image sequences.
150 generated stories from the test splits are evaluated. For
each story, 5 AMT workers are assigned. The reports are
reported in Table 5. Our approach performs better.
4.3. Analysis
Is visual storytelling fundamentally out of reach of ma-
chines? Are the metrics being used now to guide the de-
sign of our systems the right ones?
1https://github.com/lichengunc/vist_eval. This is
the most commonly used evaluation script nowadays.
B@1 B@2 B@3 B@4 M R C
Human 51.2 ±0.2 25.0 ±0.2 11.7 ±0.2 5.6 ±0.2 28.4 ±0.1 24.5 ±0.1 7.8 ±0.1
StoryAnchor: Image Only 58.6 ±0.2 34.7 ±0.2 20.0 ±0.1 11.2 ±0.1 34.0 ±0.1 28.3 ±0.1 8.8 ±0.1
StoryAnchor: w/ Predicted Nouns 60.7 ±0.2 35.8 ±0.2 20.3 ±0.1 11.9 ±0.1 34.5 ±0.0 28.9 ±0.0 10.1 ±0.1
StoryAnchor: w/ Ground-truth Nouns 65.1 ±0.2 40.3 ±0.1 23.9 ±0.1 14.7 ±0.0 37.7 ±0.1 32.3 ±0.1 16.2 ±0.1
Table 4. Evaluating human performance by automatic evaluation procedures. Machine outperforms human in all metrics.
StoryAnchor: AREL Tie
w/ Predicted Nouns
Relevance 53.2% 40.4% 6.4%
Concreteness 45.1% 38.1% 16.8%
Coherence 48.9% 42.3% 8.8%
Table 5. Human evaluation on the generated stories
StoryAnchor: AREL Human Unsure
w/ Predicted Nouns
19.9% 18.0% 57.8% 4.2%
Table 6. Which stories are preferred by human readers
The results in Table 4 highlight the issues. There, we as-
sess how well human storyteller would do. For each album,
we randomly select one human-written ground-truth story
as “generated” story and the other 4 as “reference” stories.
We then evaluate human performance by scoring the gen-
erated story. For a fair comparison, we re-evaluated all of
the learning models with 4 sampled reference stories. Mean
evaluation performances over five random runs are reported.
Clearly, the learning models outperform human story-
teller significantly in every metric! Yet, our “Turing test”
suggests the opposite. In Table 6, over 450 stories (3 for
each of the 150 sequences of images), we report the per-
centages of 150 AMT workers’ preference of stories by two
learning models and one human annotator. Human story-
telling is much more preferred. The misalignment between
human evaluation and automatic evaluation metrics is likely
a bottleneck for developing new methods for this task.
5. Conclusion
The proposed StoryAnchor model is simpler in design.
Yet, it attains the best results on most automatic evalua-
tion metrics. The key insight is to use “anchor words” to
model the evolvement of the underlying storyline. Crudely,
those words are the “topics” or “states” of the narrators.
While those notions are not explicitly annotated in the cur-
rent dataset, we have selected the nouns in the ground-truth
stories as targets for learning an anchor word predictor.
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